and risk of coronary ischaemic events. 17 In this study, we examined the PPARa gene Leu162Val and intron 7 G.C polymorphisms [17] [18] [19] in a large cohort of Caucasian patients with coronary artery disease, and found that the genotypic effects of PPARa on plasma triglyceride level, hypertension prevalence, and myocardial infarction differed between men and women.
SUBJECTS AND METHODS

Subjects
The subjects in this study were participants in the Southampton atherosclerosis study, all having atherosclerosis in at least one coronary artery, as described previously. 20 21 The demographic and clinical characteristics of the subjects are summarised in table 1. Data on fasting levels of triglycerides, total cholesterol, and HDL cholesterol were available for 1017, 1110, and 630 subjects, respectively, measured in the clinical chemistry department of the Southampton General Hospital using standard quality controlled enzymatic methods. A total of 649 patients were receiving statin treatment and 16 were receiving fibrate (PPARa agonist) treatment. The study was approved by the local research ethics committee, and all subjects gave written consent. A 10 ml blood sample was taken from each participant, and DNA was extracted using a salt precipitation method.
Determination of genotypes
Genotypes for the Leu162Val and intron 7 (G.C) polymorphisms were determined using previously described methods 17 18 with modifications. In brief, PCR reactions were carried out in a total volume of 20 ml, containing 20 mM TrisCl (pH 8.4); 50 mM KCl, 0.05% (v/v) W1; 2.5 mM (for Leu162Val) or 2 mM (for Intron 7 G.C) MgCl 2 ; 0.2 mM each dNTP (dATP, dCTP, dGTP, and dTTP); 5 pmol forward primers; 5 pmol reverse primers; 1 unit Taq polymerase; and 21 ng of genomic template DNA. The solution was overlaid with 20 ml of paraffin and subjected to 95˚C for three minutes; and to 35 cycles of: one minute of denaturation at 95˚C, one minute annealing at 72˚C (decreasing by 1˚C per cycle to 59˚C and at 59˚C for the remaining cycles for Leu162Val, and decreasing by 1˚C per cycle to 54˚C and at 54˚C for the remaining cycles for intron 7 G.C), and one minute of extension at 72˚C. For the Leu162Val polymorphism, the forward and reverse primers were 59GACTCAAGCTGGTGTATGACAAGT and 59CGTTGTGTGAC ATCCCGACAGAAT, respectively, and the PCR products were incubated with the restriction enzyme Hinf1 (recognition site 59GANTC39) which cleaved the amplicon (117 bp) from the 162Val allele into two fragments, 93 bp and 24 bp in length. 18 For the intron 7 G.C polymorphism, the forward and reverse primers were 59ACAATCACTCCTTAAATATGG and 59AAGT AGGGACAGACAGGACCAGTA, respectively, and the PCR products were incubated with the restriction enzyme Taq1 (recognition site 59TCGA39) which cleaved the amplicon (266 bp) from the C allele into two fragments, 216 bp and 50 bp in length. 17 The products of digestion were then separated using gel electrophoresis, and detected by Vistra Green staining.
Statistical analysis
The HWE programme (ftp://linkage.rockefeller.edu/software/ utilities) was employed to assess whether the genotype distribution of the polymorphisms was in Hardy-Weinberg equilibrium; t tests and x 2 tests, respectively, examined differences in continuous and categorical variables between genotype groups. The distribution of triglyceride levels was found to be skewed, and therefore log transformed triglyceride values were used in the analyses. Interactions between genotype and other variables were tested using a univariate N Hypertension was significantly less prevalent in female162Val allele carriers than in female noncarriers.
N Myocardial infarction was significantly more prevalent in female patients carrying the C allele of the intron 7 polymorphism than in female non-carriers.
N These results provide evidence of gender dependent effects of PPARa genotypes on triglyceride levels and cardiovascular events.
general linear model if the dependent variable was continuous, or logistic regression analysis if the dependent variable was categorical. Odds ratios were calculated using logistic regression analysis. Linkage disequilibrium between the polymorphisms and the association metric D were analysed with the use of the ASSOCIATE program (ftp://linkage.rockefeller.edu/software/utilities). Haplotype frequencies were estimated using the Haplotyper program which employs a Bayesian algorithm. 22 Stepwise linear regression analysis and stepwise logistic regression analysis with all genotypes and haplotypes, input as independent variables, were performed to investigate which polymorphism(s) and/or haplotype(s) accounted for the association of continuous and categorical variables with the PPARa gene.
RESULTS
A total of 1108 subjects was successfully genotyped for the Leu162Val polymorphism, and 1088 subjects were genotyped for the intron 7 G.C polymorphism. The frequencies of the Leu/Leu, Leu/Val, and Val/Val genotypes were 84.1% (n = 991), 9.6% (n = 113), and 0.3% (n = 4), respectively, and those for the G/G, G/C, and C/C genotypes were 63.7% (n = 750), 25 .9% (n = 305), and 2.8% (n = 33), respectively. These genotype distributions were in concordance with Hardy-Weinberg equilibrium. The 162Val allele had a frequency of 0.055 (95% CI from 0.046 to 0.065) and the C allele had a frequency of 0.170 (95% CI from 0.155 to 0.187), both similar to those reported in other Caucasian samples. 13 17 19 Mean age, gender ratio, smoking status, and family history of coronary artery disease did not significantly differ between genotype groups (tables 2 and 3). The percentages of patients on fibrate treatment were higher among the women than the men (p = 0.011, table 1). Since fibrate treatment might influence the genotypic effects of PPARa, the 16 patients (eight men and eight women) receiving fibrate treatment were excluded in all following analyses. The percentages of patients receiving statin treatment were similar among men and women (p = 0.104, table 1).
Genetic effects of PPARa on plasma lipid levels
A univariate analysis of variance using a general linear model revealed an interaction between gender and the Leu162Val polymorphism in relation to plasma triglyceride levels (p = 0.001). Analyses of the genotypic effect in male patients and female patients separately showed that, among the women, 162Val carriers had 30% lower mean triglyceride levels than non-carriers (p = 0.007, table 2) whereas, among the men, there was no significant difference in triglyceride level between the genotype groups (table 2).
In men but not in women, there was an interaction between statin treatment and the Leu162Val polymorphism in relation to triglyceride levels (p = 0.022 in male patients and p = 0.122 in female patients). Among men who were not receiving statin treatment, the 162Val carriers had a 26% higher mean triglyceride level than the non-carriers (1.85 ¡ 1.13 mmol/l in carriers, and 2.33 ¡ 1.30 mmol/l in noncarriers; p = 0.027) ( fig 1) ; whereas among men treated with statins, the 162Val carriers had a 13% lower mean triglyceride level than the non-carriers (1.97 ¡ 1.15 mmol/l in carriers, and 1.72 ¡ 1.27 mmol/l in non-carriers; p = 0.021) (fig 1) . Among the women, in contrast, triglyceride levels were about 30% lower in 162Val carriers than in noncarriers, regardless of whether or not they were receiving statin treatment (fig 1) .
Among the women, there was a non-significant trend towards lower total cholesterol levels and higher HDL levels in 162Val allele carriers (table 2) . Among the men, the levels were similar in different Leu162Val genotype groups. In both men and women, no significant interaction between statin treatment and Leu162Val genotype on total cholesterol or HDL levels was detected, nor was there an association between the intron 7 G.C polymorphism and triglyceride, total cholesterol, or HDL-cholesterol levels (table 2) .
PPARa genotypes in relation to hypertension, diabetes, and body mass index Among the female subjects, the prevalence of hypertension was significantly lower in 162Val carriers than in non-carriers (p = 0.007, table 3). Among the male subjects, hypertension was slightly less prevalent in 162Val carriers than in noncarriers, but the difference was not statistically significant (table 3) . There was no interaction between genotype and statin treatment in relation to hypertension, in men or women.
There was no significant association between the intron 7 G.C polymorphism and prevalence of hypertension (table 3) . Neither the Leu162Val polymorphism nor the intron 7 G.C polymorphism was associated with body mass index or prevalence of diabetes mellitus (tables 2 and 3).
PPARa genotypes in relation to severity of atherosclerosis and risk of myocardial infarction Among the women, the prevalence of myocardial infarction was higher in those carrying the C allele of the intron 7 polymorphism than in non-carriers (p = 0.019, table 3). In addition, the frequencies of C allele carriers were highest among those who had a history of both myocardial infarction and unstable angina, intermediate among those who had either myocardial infarction or unstable angina, and lowest among those had neither of these phenotypes (46.8%, 35.2%, and 29.0% respectively, p = 0.044). Among the men, myocardial infarction was slightly more prevalent in C allele carriers than in non-carriers, but the difference was not statistically significant (table 3) .
For both genders, the genotypic effect on myocardial infarction was more pronounced among those who were not receiving statin treatment. Among untreated women, the odds ratio for myocardial infarction was 2.27 (95% CI from 1.01 to 5.11) for C allele carriers compared with non-carriers, whereas among women receiving statin treatment, the odds ratio was 1.67 (95% CI from 0.82 to 3.40). Among untreated and treated men, the odds ratios were 1.56 (95% CI from 0.99 to 2.48) and 0.86 (95% CI from 0.57 to 1.28), respectively.
There was no significant difference in the number of coronary arteries with .50% stenosis between genotype groups of the Leu162Val or intron 7 G.C polymorphism (table 3) .
Haplotype analysis
The Leu162Val and intron 7 G.C polymorphisms were in strong linkage disequilibrium, with the 162Val allele being linked with the C allele (D = 0.0248; p,10 26 ). The frequencies of the Leu-G, Leu-C, Val-G, and Val-C haplotypes were 0.776, 0.160, 0.028, and 0.036, respectively. Among the women, the mean triglyceride level was lower in carriers of the Val-C haplotype compared with non-carriers (p = 0.033, table 4). The other phenotypes studied did not significantly differ between carriers and non-carriers (tables 4 and 5).
Stepwise regression analyses showed that none of the haplotypes had a more significant association with triglyceride level or hypertension than the 162Val allele, and that none of the haplotypes had a more significant association with myocardial infarction than the C allele of the intron 7 polymorphism.
DISCUSSION
The main finding of this study is that in persons with coronary artery disease and without fibrate or statin treatment, there is a gender dependent genotypic effect of PPARa on triglyceride levels, such that the 162Val allele is associated with a lower triglyceride level in female patients but with a higher triglyceride level in male patients. Gender specific differences in PPARa expression and in PPARa genotypic effect on lipid metabolism have been demonstrated in a number of animal studies. [6] [7] [8] [9] [10] [11] [12] For example-it has been shown that in rodents, PPARa expression levels in the liver are higher in males than in females, and that inactivating the PPARa gene results in an increased hepatic triglyceride secretion rate in females but does not affect this rate in males. 7 8 It has also been shown that gonadectomy abolishes the differences in hepatic PPARa expression level between male and female rats, suggesting an influence of sex hormones on PPARa expression. 8 The results of the present study provide evidence of a gender dependent genotypic effect of PPARa in humans. To our knowledge, there has been no reported study of PPARa gene polymorphisms in coronary heart disease patients with parallel analyses in men and women. A previous study of male patients with coronary heart disease who were not receiving lipid lowering agents showed that 162Val carriers had higher plasma triglyceride levels than non-carriers, 23 which is consistent with the findings in the male patients in the present study. Several reported studies of PPARa polymorphisms have been conducted in healthy subjects, general population subjects, and diabetic patients. A study in healthy Japanese individuals showed that a PPARa gene polymorphism-that is,Val227Ala, which is present in Japanese persons but not in Caucasians-is associated with triglyceride levels among women but not among men. 24 However, a study of the Leu162Val polymorphism in a population sample of Caucasians did not show significant differences in triglyceride levels between the different genotype groups in men or women. 13 Given that lipid levels are influenced by many genetic and environment factors, it is possible that the genotypic effects of PPARa can vary, depending on the combinations of other factors.
Another key finding of this study was that in men with coronary heart disease, there was an interaction between PPARa genotype and statin treatment on triglyceride levels. Thus, in the male patients who were not receiving lipid lowering treatment, triglyceride levels were higher in 162Val carriers than in non-carriers; however, among male patients receiving statin treatment, 162Val carriers had a lower mean triglyceride level than non-carriers (fig 1) . This could be interpreted as a substantial triglyceride lowering effect of statins in male 162Val carriers but not in male non-carriers (fig 2) . It has been shown that PPARa agonists (fibrates) have greater effects in lowering plasma triglyceride level and raising HDL cholesterol levels in 162Val carriers than in noncarriers. 25 26 In our patient cohort, the number of subjects who were receiving PPARa agonist treatment (eight women and eight men) was too small to analyse whether these drugs had different effects in different genotype groups. However, as described above, we found that in the male subjects there was an interaction between Leu162Val genotypes and statin (3-hydroxy-3-methylglutaryl coenzyme A reductase) treatment in determining plasma triglyceride levels. This genotype-statin interaction was not observed in the female subjects. The mechanism for the interaction between PPARa genotype and statin treatment in the men is unclear. Laboratory experiments have shown that statins can increase the expression and activity of PPARa, and that some of the effects of statins on lipid levels might be mediated by a PPARa dependent pathway. [27] [28] [29] It is possible that clinically these effects are influenced by gender and PPARa genotype.
At the blood vessel wall, PPARa regulates the expression of a number of genes involved in the pathogenesis of atherosclerosis and ischaemic clinical events. 30 Clinical trials have shown that fibrate drugs which are PPARa agonists can reduce the rates of acute coronary ischaemic events in individuals with dyslipidaemia by over 20%. 4 5 Recently, Flavell et al showed an association between the C allele of the PPARa gene intron 7 polymorphism and increased risk of ischaemic heart disease in a prospective study. 17 The results of our study provide further evidence of this association and indicate that this genotypic effect is greater in women than in men.
An association between the Leu/Leu genotype and higher prevalence of hypertension, particularly in women, was also observed in this study. It has been shown in animal experiments that PPARa agonist fenofibrate can improve endothelium and also nitric oxide mediated vasodilation. 31 Since the 162Leu isoform has a lower transcriptional activity than the 162Val isoform, 19 it is possible that there is a decrease in vasodilation in persons with the Leu/Leu genotype, which may explain the association between the Leu/Leu genotype and hypertension.
In a recent study of healthy individuals, carriers of the 162Val allele were found to have lower body mass index values than 162Leu homozygotes, and this difference was more pronounced among women. 15 In another study, the 162Val allele was associated with lower body mass in persons with type 2 diabetes but not in healthy individuals, patients attending lipid clinics, or morbidly obese patients who underwent gastric banding surgery. 16 In the present study, no significant difference in body mass index was found between the genotype groups. The differing findings of these studies could be related to differences in the characteristics of the participants. Since coronary artery disease is caused by interactions between multiple environmental and genetic factors, it is likely that the genetic backgrounds and the exposures to environmental risk factors, such as high fat diets, of the subjects with coronary artery disease of our study were different from those of the subjects of the other two studies mentioned above. 15 16 These genetic and environmental factors might influence the genotypic effects of PPARa on adiposity.
The Leu162Val and intron 7 G.C polymorphisms are in strong linkage disequilibrium, with the Val allele linked with the C allele. These two polymorphisms define four haplotypes, namely Leu-G, Leu-C, Val-G, and Val-C. None of these haplotypes was found to be more significantly associated with plasma triglyceride level or prevalence of hypertension than the Leu162Val polymorphism, and none of the haplotypes had a more significant association with myocardial infarction than the intron 7 G.C polymorphism, suggesting that the Leu162Val and intron 7 G.C polymorphisms do not have an additive effect on these traits and do not mark the effects of another genetic variant through linkage disequilibrium.
In summary, in this study of a large cohort of patients with coronary artery disease, we found that the PPARa gene Leu162Val polymorphism was associated with plasma levels of triglyceride in a gender dependent manner and that, in the men, there was an interaction between this genetic polymorphism and statin treatment in determining triglyceride levels. We also detected an association between the Leu162Val polymorphism and prevalence of hypertension, and an association between the intron 7 G.C polymorphism and myocardial infarction, although the latter was not highly significant statistically. The subjects of this study were recruited from patients with coronary artery disease consecutively undergoing coronary angiography. In a manner consistent with the different susceptibilities to coronary artery disease of the two genders, men and women differed in some characteristics such as age, percentage of smokers, and family history of coronary artery disease. Thus, it is possible that men and women might be influenced by differing environmental and genetic factors. Nevertheless, the findings of this study are in agreement with the pleiotropic effects of PPARa on lipid metabolism and the pathophysiology of the cardiovascular system, 3 and indicate that the genotypic effects of PPARa on men with coronary artery disease and women with coronary artery disease do differ. Gender specific effects of another gene involved in lipid metabolism, the apolipoprotein E gene, have been reported previously. 32 The gender dependent effects of these genes might be a mechanism contributing to the differences in lipid levels and incidence of cardiovascular diseases between men and women.
